We examined the texture evolution in a superelastic Ni 50.7 Ti 49.3 (numbers indicate at.%) alloy under applied uniaxial stress using high-energy synchrotron X-ray diffraction in transmission geometry. Texture information is identified from the intensity variations along Debye-Scherrer rings recorded on area detector diffraction images. The 1 1 0 A austenite plane normals are aligned in the rolling direction and 2 0 0 A is in the transverse direction. Due to the B2-B19 lattice correspondence, the 1 1 0 A peak splits into four martensite peaks 0 2 0 M ,1 1 1 M , 0 0 2 M and 1 1 1 M . The stress-induced martensite is strongly textured from twin variant selection in the stress field with 0 2 0 M aligned in the loading direction while the maxima corresponding to1 1 1 M , 0 0 2 M and 1 1 1 M are at 60
Introduction
The shape memory and the superelasticity of NiTi alloys are related to the martensitic phase transformation from the cubic B2 austenite (space group Pm3m) to the monoclinic B19 (space group P2 1 /m) martensite phase [1] . The phase transformation can be induced by stress as well as by changes in temperature. The recoverable strain is related to the ability of the material to produce a compliant alignment of the martensite twin variants in the stress field. In other words, the crystallographic texture of martensite twin variants determines the recoverable strain and other performance parameters [2] . However, there are not many reports [2, 3] of stress-induced martensite texture measurements using hard X-rays on superelastic NiTi tensile specimens upon uniaxial loading. Shaw and Kyriakides [4] [5] [6] demonstrated that the deformation causing the superelastic plateau in the stress-strain curve of flat tensile-test specimens is localized in Lüders-band-like transformation shear bands (TSB). The phase contents and lattice strains in the TSB have been imaged by synchrotron diffraction experiments [7] . The uniaxial stress field favours the growth of particular martensite variants over others. A thermodynamic model for polycrystalline shape memory alloys (SMAs) considering the orientation distribution of the various martensite-variants as internal variables has been developed [8] in order to describe the material behaviour. The mathematical and numerical aspects of this model can be found elsewhere in this volume [9] . The experimental results obtained in the present paper are used in [9] .
Experiments
In the present study a tensile test sample of 1.8 mm thickness, 6 mm width, and 10 mm gauge length was produced from a Ni-rich binary polycrystalline NiTi alloy with a nominal content of 50.7 at.%Ni, purchased from Memory Metalle GmbH, Weil am Rhein, Germany. The material was solution annealed at 850 • C for 15 min and quenched in water. It was subsequently cold rolled with 10% thickness reduction at −150 • C. Finally, it was aged at 500 • C for 6 min in order to reduce the dislocation density. Accurate tensile testing was done in the laboratory using a Schenk Model PC 160 servo-hydraulic tensile testing instrument. In situ diffraction experiments with hard X-rays were carried out at the wiggler-beamlime BW5 of the Hamburg Synchrotron Laboratory (HASYLAB), DESY, Germany. The beam size was 250 m × 250 m. A wavelength of 0.137443(9)Å was selected to obtain satisfactory diffractograms in transmission geometry on the MAR 2300 image plate detector placed at 900 mm from the sample. An extensometer was not fitted on the sample in order to avoid X-ray diffraction (XRD) peaks not coming from the sample. The geometry of the stress frame allowed transmission in one direction only such that the circle containing the tensile axis and the transverse direction were covered.
Data analysis
The data processing typically requires several steps for quantitative texture analysis of polycrystalline materials. Using the software FIT2D [10] the image plate data were corrected for centre and tilt misalignments. Local background subtraction and polarization correction is also applied to the measured intensities [11] . Diffraction intensities were extracted with FIT2D into a multicolumn ASCII spread sheet [12] , where each column corresponds to an intensity distribution along the azimuth for a particular 2θ value. The peak positions were identified from full profile analysis using the GSAS refinement code [13] and intensity versus azimuth data for particular reflections were extracted. It needs to be considered that the diffraction ring is not circular if the material is under stress [14] . Although we get incomplete pole figures from the Debye-Scherrer rings in a single two-dimensional diffraction image, it is possible to construct an orientation distribution function (ODF) for the B2 and the B19 phase from the combined information using several rings. To obtain the ODF with the method described by Wenk and Grigull [14] we used the WIMV [15] algorithm of the BEARTEX [16] 
Results and discussion
The stress versus nominal strain curve obtained during the diffraction experiment is shown in Fig. 1 . The points in Fig. 1 indicate where the diffractograms were taken. The kinks in the plateau of the stress-strain curve are related to a relaxation of the state of the sample occurring during the X-ray exposure and data readout-time [17] . For a textured NiTi sheet produced by cold rolling, loading along the rolling direction results in a flat stress plateau in the stress-strain curve which can also be observed in Fig. 1. Fig. 2 shows the obtained characteristic diffractograms for austenite (Fig. 2a) and the transformed state (Fig. 2b) . The direction of tensile stress is horizontal in Fig. 2 , and the vertical scattering direction is the direction of transverse contraction. The prominent 1 1 0 A peak splits into four martensite peaks, 0 2 0 M , 1 1 1 M , 0 0 2 M and 1 1 1 M which show intense stress-induced texturing as shown in Fig. 3 (B19 unit cell setting used for indexing: a = 2.87Å, b = 4.59Å, c = 4.1Å, ␥ = 96.2 • ). It can be seen from Fig. 3 that the austenite remains present throughout the plateau of the stress-strain curve. The stress-induced martensite renders the interpretation of the diffractogram more complicated due to overlapping peaks that are visible in Fig. 3 . To take all peaks properly into account, we employed a full profile Rietveld refinement using a spherical harmonics texture model. At the end of the plateau (point 2 in Fig. 1 ), 10 wt.% residual austenite is estimated from the Rietveld refinement which corresponds well to our previous estimates [7] . It is interesting to observe in Fig. 3 that the residual austenite 1 1 0 A line is slightly sinusoidal as the austenite is under stress. As the austenite grains are inclusions in the martensite matrix, the yielding of the matrix by transformation transfers load on the residual austenite [18] .
The stress-free austenite shows a rolling texture, where the 1 1 0 A are preferentially oriented in the rolling direction (which is also the axis of tensile stress in the experiment), while 2 0 0 A are preferentially oriented along the transverse direction, and 2 2 2 A are preferentially oriented at an angle of 35 • from the rolling direction. The obtained ODF reproduces the features of the experimental pole density distribution (Fig. 4) . Complete recalculated pole figures displaying also the ODF-modelled unobserved regions of the pole figure are displayed in Fig. 5 . As the experimental pole figure information is limited to the outer circle of these stereograms, the inner part is an estimate from the observed incomplete pole figures of the reflections used and it must be treated with caution. Although we needed to use the obtained full ODF of the cold-rolled austenite as a basis distribution function for the application of the thermodynamic model of martensite formation in the stress field [9] , we can draw conclusions only from the actually observed data.
For the martensite diffraction rings 0 2 0 M , 0 0 2 M and 1 1 1 M numerical intensities as a function of azimuth in section of constant 2θ are shown in Fig. 6 . According to the experimental observation displayed in Fig. 6 
Summary
Texture information on the twin-variant alignment in stressinduced martensite forming in a polycrystalline superelastic NiTi specimen under uniaxial stress was extracted from singleorientation 2D diffraction images in transmission geometry. The diffraction rings of the high-energy X-rays simultaneously cover the tensile axis and the transverse axis as well as the circle of orientations between these principal axes (while information in the normal direction can not be accessed with the present set-up). A thermodynamic micromechanical model based on total energy minimization of the twin variant configuration for a polycrystalline material in a stress field is described elsewhere in this issue [9] . The model calculation shows a reasonable agreement with our experimental data. The results can be rationalized from the fact that the 0 2 0 M spacing shows the largest expansive transformation strain for the set of twelve martensite lattice planes corresponding to the twelve 1 1 0 type planes of austenite; thus 0 2 0 M preferentially aligns with the axis of tensile stress when the stress-induced martensite is formed. Because the original material shows a rolling texture and preferred orientation of 1 1 0 A along the tensile axis, the alignment of 0 2 0 M in the tensile axis is easy for many grains, and thus the 0 2 0 M pole density maximum becomes particularly pronounced and the specimen can provide a large recoverable pseudelastic tensile strain in the rolling direction. The cubic symmetry of austenite places other 1 1 0 A pole density maxima at 60 • azimuthal angles with respect to the rolling direction and the direction of tensile stress. Correspondingly, the1 1 1 M , 0 0 2 M , and 1 1 1 M poles align near these azimuths, with a small deviation from 60 • due to the monoclinic distortion of the martensite phase. 
